Why the sexual climax, in humans, results in a pleasurable experience remains an important biological question. Analysis of evolutionary traits in numerous Vertebrates suggests that orgasm evolved through three phylogenetic stages during the transition from external to internal fertilization and viviparity. First, orgasm is directly dependent on ejaculation in males and the expulsion of fluids from the ovarian and urethral glands (Skene's) in females. I propose that sexual orgasm could come from the primitive reflex of discharging gametes to ensure reproduction. Thus, the understanding of orgasm should not be reduced to a penis-or a clitoris-centred paradigm. Secondly, orgasm has evolved to stimulate sexual activity because the evolutionary transition from external fertilization to internal fertilization has been accompanied in numerous species with a lessening in reproductive rates. Because sexual activity encourages reproduction, it can be argued that orgasm has evolved to increase sexual activity, particularly in viviparous species with low reproductive rates. Third, internal fertilization in the genital tract of females weakens the visibility of the putative success of fertilization. Female sexual fluids and proteins can bias fertilization in favour of preferred males. Because orgasm could promote a better choice of partner, I argue that female orgasm may have evolved as a post-copulatory selection tactic by which females can increase their control of mates.
Introduction
Why the sexual climax, in humans, leads to the experience of pleasure remains an important biological question. While the male cannot transfer gametes without experiencing an orgasm, in the human species, the female orgasm seems completely decoupled from reproduction (Cabanac 1971; Hrdy 1996; Wallen and Lloyd 2008) . Although orgasm could result from the point that individuals with an orgasm are more successful, Wheatley and Puts (2015) argued that there is actually little evidence to suggest that female orgasm can promote a better reproduction. If orgasm had a selective role, then it is difficult to understand why females show such variability in their ability to reach a climax. Analysing the evolutionary history of the sexual climax from its phylogenetic origin, we can draw some new conclusions that can shed light on the function of orgasm.
Indeed, orgasm could only be regarded as a direct selective trait if individuals with this evolutionary trait have the best reproduction. Associated with ejaculation in males, orgasm is characterized by changes in CONTACT Thierry Lodé thierry.lode@univ-rennes1.fr Laboratoire d'Éthologie Animale et Humaine EthoS-UMR-CNRS 6552, Université de Rennes 1, 35042 Rennes, France blood pressure, increased heart rate, rhythmic respiratory pattern, involuntary body movements and, in females, by spontaneous colour changes of the labia minora which engorge to twice their size, and by vaginal and anal spasms (Masters and Johnson 1966; Berman et al. 1999 ). The orgasm is directed by the autonomic nervous system and the spinal cord but activates numerous cortical zones through the vagus nerves mediation (Komisaruk et al. 2004) .
Although the definition of orgasm is rather uncertain, Bancroft (2005) described it as 'a state motivated toward the experience of sexual pleasure'. In males, it is associated with ejaculation and rhythmic muscle contractions of the perineal muscles, in females, with clitoral retraction, rhythmic muscle contractions of the perineum and vagina. Orgasm also releases some neuropeptides, dopamine, oxytocin and prolactin, which cause a deep sense of well-being. Here, orgasm is defined as the culmination of sexual arousal activating the reward circuit. The increase in dopamine, oxytocin and prolactin concentration can, therefore, be considered as a signal of sexual arousal. All mammals have the physiological capacity for orgasm (Fox and Fox 1971) and numerous vertebrates are known to experience orgasm-like states such as primates i.e. bonobo, chimpanzee, gorilla, orangutan, proboscis monkey, macaques (Chevalier-Skolnikoff 1974; Allen and Lemon 1981; Troisi and Carosi 1998; Murai 2006; de Waal 2011; Grueter and Stoinski 2016) , carnivores and rodents (Adler 1969; Heeb and Yahr 1996; Coolen et al. 1997; Kollack-Walker and Newman 1997; Tenk et al. 2009; Pavlicev and Wagner 2016) , birds and reptiles (Cabanac 1971; Winterbottom et al. 1999; Ball and Balthazart 2011) and fishes (Petersson and Jarvi 2001) . It has even been demonstrated that ejaculation provoked by the activation of Crz-expressing neurons is rewarding to male flies (Zer-Krispil et al. 2018 ). Thus, orgasm seems a critical component of reproductive process for many species (Balcombe 2009 ).
There are two main theories that provide an explanation for the manifestation of orgasm. It has been firstly hypothesized that orgasm would favour the persistence of bonds to ensure the best care for the offspring (Alcock 1987) or serve as a secondary reinforcement linking sexual behaviours and partner affiliation (Prause 2011; Fleischman 2016) . However, in many species, the male provides virtually no care to the young, which reduces the interest in this hypothesis. Moreover, the strengthening of the couple's bonds is clearly refuted by the Coolidge effect (Brown 1974) , which leads many males, and to a lesser extent some females (Lester and Gorzalka 1988) , to increase sexual activity by adopting a greater diversity of partners. In monkeys, females that mated with high-ranking males showed the highest frequency of orgasms (Zumpe and Michael 1968; Chevalier-Skolnikoff 1974) , suggesting a role in partner preference. Finally, among the hypotheses tending to interpret orgasm as a reproductive enhancing effect, it has been assumed that female orgasm would have evolved for the selection of a partner, thus enhancing the chance of the best fertilization (Thornhill et al. 1995) . Thus, Fox et al. (1970) hypothesized that the orgasmic spasms cause contractions that may endorse sperm retention in the female genital tract, thus increasing the probability of fertilization. Fertilization of male gametes is stimulated by rhythmic contractions of the striated muscles during orgasm (Levin 2002; Meston et al. 2004; King et al. 2016) . The allegation that female orgasms may increase conception and progeny remains controversial (Zietsch and Santtila 2013; Wheatley and Puts 2015) since female orgasms do not appear to have an active role in sperm transport during coitus (Levin 2011) . Nonetheless, cervical excitations produce contractions of the oviduct and fallopian tubes (Komisaruk et al. 2004 ), probably via prostaglandins and are essential for sperm transport and fertilization (Adler 1969; Adler and Zoloth 1970; Wildt et al. 1998) .
The second theory claims that female orgasm has no selective role and must be understood as a simple by-product of ontogenesis since the embryonic development of the male penis and female clitoris remains very comparable (Symons 1979; Gould 1987; Wallen and Lloyd 2008) .
Phylogeny of the orgasm
Nevertheless, it seems quite relevant to estimate the role of orgasm by analysing how orgasm phylogenetically developed during the evolution of sexual behaviour. Analysis of evolutionary traits suggests that orgasm evolved through three phylogenetic stages during the transition from external to internal fertilization and viviparity.
First, because the orgasm is also associated with ejaculation in males and with orgasmic expulsions from ovarian and urethral glands in females, I reasoned that the sexual orgasm could originate from the ancestral reflex of gametes release in both sexes. Sex has been found to be the most common reproductive mode among eukaryotes. Originally based on meiosis, it has been hypothesized that sex could come from very archaic interactions among 'libertine bubbles', i.e. practising horizontal gene exchanges (see Lodé 2011) . Eukaryotic lineages evolved from ancestors that progressively developed male and female roles (Crews 1982) in such a way that sexuality resulted from a series of small evolutionary changes since the primeval sexual interaction of gene transfers (Lodé 2011 (Lodé , 2012a (Lodé , 2013 . Subsequently, the sexual chromosomes appeared independently and repeatedly, allowing a chromosomic determination of the sexual gender. Thus, initiated by the primitive genetic interactions of the very first protoeukaryotic organisms (Lodé 2011) , the evolution of sexuality would be caused by a succession of small events, more or less independent of each other, from genetic exchanges and recombination, from external fertilization, then from internal insemination to parental care.
Many vertebrates seem to experience numerous characteristic manifestations of an orgasm during their copulatory activity (Fox and Fox 1971; Gould 1987; Balcombe 2009 ). Females Macaca mulatta have been found to reach orgasms after artificial vaginal stimulations (Burton 1971) . Zumpe and Michael (1968) also noted pelvic movements in female (Macaca rhesus) and some mammals such as dogs, cats, guinea pigs, hamsters, gerbils, ferrets and rats are known to be stimulated by frictional means (Heeb and Yahr 1996; Troisi and Carosi 1998; Pfaus et al. 2016) . In mammals, orgasm is accompanied by prostate discharge in males and release of the para-urethral glands [Guérin/Skene's] in females, suggesting a similar role in gamete release in both sexes. In females, coitus causes a hormonal discharge and climax is accompanied by vaginal spasms and contractions of the uterus (Zumpe and Michael 1968; Fox and Fox 1971; Health 1984; Erskine et al. 1989; Bancroft 2005; Ball and Balthazart 2011) .
In fact, most species of vertebrates have developed sensitive organs and organic receptors linked to the 'nervous circuit of reward' (Figure 1 ). Many animals have nuclear habenulae, which control reward improvement mechanisms, usually associated with pleasure (Loonen and Ivanova 2015) . Similarly, the neurochemical profiles of ventral pallidum are extre mely comparable between teleostei, amphibians, reptiles, birds and mammals. Moreover, notable dopaminergic and mesolimbic neuronal circuits regulating sexual behaviour exist in early vertebrates (O'Connell and Hofmann 2011).
There is no reason to suppose that the intromission organs are necessary to obtain a sexual climax. In birds, for instance, the muscular contractions of the cloaca drive semen into the reproductive tract. In most vertebrates with external fertilization, basic reflex contractions accelerate gamete release, promoting the velocity of spermatozoids and expelling ova into water (Cooke et al. 2001) . Males often build nests and compete to attract females to lay their eggs in the nests (Gross and Charnov 1980; Ridgway et al. 1989) . In females, the muscles of the oviduct and those of the body wall contract causing the ova to move through the oviduct until total expulsion onto the substrate. In males, sperm is expelled onto the ova by repeated muscular contractions but survive only a few minutes, during which the fertilization occurs, may be stimulated by chemicals. A large amount of fluid is secreted by numerous glands and this reflex implies concomitant rhythmic contractions of the pelvi-perineal muscles in the two sexes.
Although stimulation of the sexual organs triggers it, orgasm is characterized by a sudden release Figure 1 . Simplified scheme of neural circuits of reward in the rat brain. Reward and pleasure are generated by a set of hedonic hotspots within mesocortilimbic dopamine circuit, especially from nucleus accumbens, which controls the release of dopamine from the ventral tegmental area. Beta-endorphins are released by pituitary glands. Orgasm is experienced when genitalia provokes nervous excitations towards spinal cord and brain (from Berridge and Kringelbach 2015 adapted). of genital fluids. Ejaculation is the most rewarding component of male sexual behaviour in rats, Syrian hamsters and gerbils (Heeb and Yahr 1996; Kollack-Walker and Newman 1997; Tenk et al. 2009 ). The argument that the orgasm comes from the ancestral reflex of gamete release is all the more plausible because the orgasm is accompanied by ejaculation in males and by fluids from ovaries and from para-urethral glands in females. A discharge of the prostate typifies male orgasm, but in females, orgasm is associated by a release of homologous para-urethral glands, the Guérin-Skene's glands, when stimulated from inside the vagina, evoking an identical function in both sexes (Tepper et al. 1984) . Fluid secretion by the female glands reveals ejaculatory function equivalent to that of the male (Health 1984; Korda et al. 2010 ). Skene's glands produce the same type of fluid, including enzymes and proteins, as prostate fluid with lower levels of creatinine, but they have high levels of prostate specific antigen, prostatic acid phosphatase and glucose, and it is believed that both work in the same way. Orgasm triggers many neurohormone secretions such as oxytocin, dopamine, prolactin and endorphins. Dopamine is at the heart of the mesolimbic reward system and the contribution of dopamine to the accumbens nucleus is decisive for reward associated behaviour (Yamamoto and Vernier 2011; Berridge and Kringelbach 2015; Loonen and Ivanova 2015) . In fact, there is no objective reason why animal sexuality should be disconnected from a positive experience and no physiological element contradicts the hypothesis that stimulation of the genitals can lead to an orgasm in many vertebrates, including mammals, birds and reptiles (Cabanac 1971; Balcombe 2009; Ball and Balthazart 2011) .
Thus, far from being limited to sexual organs, orgasm may be directly related to the strong expulsion of prostate fluids and para-urethral glands in both males and females, suggesting an ancestral role of orgasm in gamete emission.
Evolution of sexual behaviour and fertilization
Secondly, the evolutionary passage from external fertilization (ovuliparity and external fertilization) to the retention of the ova (internal fertilization) continued with egg retention and internal embryonic development (oviparity, histotrophic and hemotrophic viviparity, see Lodé 2012b). The evolution of viviparity in amniotes required two exaptations, the evolution of internal fertilization and a process of egg retention (see Kalinka 2015 for a detailed analysis). Internal fertilization in the genital track of females developed in the Late Ordovician from the retention of ova.
The evolutionary interest of the internal fertilization mode is to facilitate a terrestrial way of life while maintaining gametes in a liquid medium. On the other hand, internal fertilization requires either indirect insemination, through a spermatophore or by cloacal or vaginal coupling. The move of spermatozoids into the ejaculatory ducts results from the smooth muscle contractions associated with abundant secretions of fluids which product a pressure propelling the sperm forward. Similarly, the release of ova is assisted by the secretion of ovarian fluids. The luteinizing hormone has an important role for the release of gametes. Pituitary activation produces higher plasma concentrations of oxytocin and prolactin (Huyunh et al. 2013) and luteotrophic factor stimulates the vacated follicle to secrete progesterone. These hormones can have a role in inducing vaginal and uterus movements, ovulation and improving sperm and egg transport (Wildt et al. 1998 ). An increase in prolactin levels has been demonstrated during orgasm (Krüger et al. 2002; Haake et al. 2003; Huyunh et al. 2013) . Similarly, testosterone, estradiol and progesterone are known to modulate reward processing.
Thus, the behaviour of the male and the female helps to synchronize the maturation and release of sperm and eggs for fertilization to occur. Precisely, the evolutionary development of many intromittent organs in males ( Figure 2 ) -such as gonopodium, phallodeum, hemipenis, pseudo-penis and penisallowing internal fertilization and directly involved in the orgasm, finds a homologue in the development of grooved tubercle in females as a rudimentary clitoral structure also implicated in the orgasm (Cibrian-Llandera et al. 2010) as well in fish, as in reptiles, birds or mammals. Thus, the males of Buffalo weavers (Bubalornis sp.) possess a phalloid organ that generates an orgasm-like state (Winterbottom et al. 1999) . Such a development of specialized organic structures, therefore, supports my hypothesis of a primitive origin of orgasm linked to the basic reflex of gamete expulsion, both in males and females, thus could constitute a convergent evolution.
In recent work, Pavlicev and Wagner (2016) developed an analysis of induced ovulation and clitoral orgasm development. These authors present a new phylogenetic scenario in eutherian mammals based on the distance from the clitoris to the vaginal orifice, which increases with the evolution of spontaneous ovulation. This is because the longer clitoris reduces the distance to the vaginal orifice, and thereby influences the potential for stimulation. Genital organs are formed from the same undifferentiated embryonic tissues, resulting in the clitoris and penis (Wallen and Lloyd 2008) , and leading to the conceptual dominance of a kind of a 'penis or clitoris-centred paradigm'. By influencing the time between orgasm and ovulation, due to egg retention, the evolution of internal fertilization would have favoured the appearance of orgasm in eutherian mammals. In developing this new clitoris-centred theory, Pavlicev and Wagner (2016) suggest that female orgasm may come from the reflex which, ancestrally, induces spontaneous ovulation in eutherian mammals.
Nonetheless, by emphasizing clitoral arousal, this theory is based stimuli of the sexual organs alone. These penis-or clitoris-centred theories, therefore, tend to consider that the clitoris functions as a reduced penis, suggesting that vertebrates without intromission organs could not experience a sexual climax. In females, Kraus' corpuscles innervate both the clitoris and the vagina, so that it is disputable to differentiate clitoral orgasm from vaginal orgasm (Pfaus et al. 2016 ) although most women experience positive clitoral excitations. The penis is a specialized structure that is involved in gamete transfer and micturition but it can also become erect for other reasons. In rodents, ejaculation was found to have greater rewarding properties than intromissions (Heeb and Yahr 1996; Kollack-Walker and Newman 1997; Tenk et al. 2009 ). Moreover, even in animals that perform external fertilization, the use of a muscle reflex to expel fluids and gametes is required in both males and females (Gross and Charnov 1980) . Internal fertilization does not depend on intromittent organs and could be achieved through a strong expulsion of sperm, which suggests that the evolutionary significance of orgasm should not be limited to a 'penis-centred' or a 'clitoris-centred' paradigm. The orgasmic response is characterized by a strong prostate flow in men and, in women, Skene glands and ovarian fluids are known to participate in the sperm nutrition process and to accelerate sperm velocity (Urbach et al. 2005; Santos and Taboga 2006; Gasparini et al. 2010 ). Antimicrobial compounds and many other secretion products from ovarian fluids and para-urethral glands promote greater receptivity of females to coitus at a higher frequency (Moalem and Reidenberg 2009) .
Indeed, during the evolution towards internal fertilization, many species have seen their reproduction rate decrease in favour of protecting embryonic development. Over the course of evolution, many species have associated internal fertilization with a range of organic procedures that protect the intrauterine development of their offspring. But species that have developed a reproduction by internal fertilization have seen a significant decrease in their offspring. These species have then compensated for this lessening in their progeny by promoting greater ease in multiplying copulations.
At the same time, the sexual climax has evolved to promote reproductive performance in low reproductive rate species because they need to have high frequency sexual intercourse. Non penetrative sexual behaviour, masturbation or same-sex sexual behaviour are common in a wide range of species, including mammals, birds, reptiles and amphibians (Balcombe 2009; Ball and Balthazart 2011) . Further in humans, most homosexual men could also reach orgasm by stimulating the prostate during anal sex, demonstrating the role of fluid discharge in achieving orgasm. It is likely that the achievement of non-genital orgasms is derived from genital orgasms. The sexual climax being accompanied by a sense of pleasure provides sufficient gratification to engage in non-reproductive actions such as anal or oral sex, masturbation and homosexual behaviour (Dagg 1984; MacFarlane et al. 2010) . In any case, it seems that the sexual climax has evolved by promoting the multiplication and intensity of sexual activity.
A mechanism of post-copulatory selection
Third, internal fertilization in the genital tract of females makes ovulation invisible, masking the potential success of fecundation. The assumption that orgasm promotes a better reproduction is arguable, especially given that orgasms are not necessary for fecundation to take place. Nevertheless, because it could promote better mate choice, it could be argued that female orgasm has evolved as a post-copulatory selection tactic by which females can increase their control of mates.
Mate preferences may be due to active female choice and male-male competition, and may be due to postcopulatory mate choice, with cryptic female choice and sperm competition. In most species using external fertilization, mating often depends on the female's willingness to mate, while in many species using internal fertilization, male coercive behaviours were widely demonstrated. Spawning is an external gamete release method that easily allows post-copulatory selection to occur (Alonzo et al. 2016) . Females of teleost fishes can control the numbers of eggs laid (Alonzo et al. 2016) . They also present a 'false orgasm', demonstrating all the patterns of the spawning behaviour, without laying in the nest where the male spills out his sperm (Ridgway et al. 1989; Petersson and Jarvi 2001) . Such misleading behaviours reveal that orgasm can be a signal used to manipulate males. As expected, the storage of sperm in the female spermatheca, as in salamanders, also facilitated post-copulatory sexual selection to occur (Houck and Schwenk 1984) . It is difficult to determine the evolutionary response of males to such cryptic mate choice behaviours, but, over the course of evolution, it could be hypothesized that males should have developed contact behaviours such as amplexus or cloacal kiss as a response to these false orgasms delivering no or too few eggs to fertilize, leading to the evolutionary development of internal fertilization.
Male and female orgasms may originate from the evolution of fertilization modes but have hence followed different evolutionary pathways. It could be suspected that the evolutionary pathway from external to internal fertilization, which presupposes retention of ova in the female genital tract, may have led to a change that dissociates the signal from the reflex expulsion of gametes. Indeed, pre-existing traits are known to produce new effects without any apparent change affecting them, constituting what Gould and Vrba (1982) called an exaptation. In species with internal fertilization, the disconnection between ovulation and the sexual signal may allow the female to defer her mate choice so that it results in a selective runaway. The drift of the sexual signal could, therefore, give the sexual climax a new meaning for its evolutionary maintenance, at least in spontaneous ovulators (see Pavlicev and Wagner 2016) , since the female orgasmic signal is dissociated from the gamete release. Sexual selection can drive important evolutionary changes and could influence spermatozoid morphology (Rowe et al. 2015) , development of baculum (Brindle and Opie 2016) or penis morphology for instance (Bertin and Fairbairn 2005; Mautz et al. 2013 ). Post-copulatory sexual selection occurs after successful copulation and insemination via two main processes: sperm competition and cryptic female choice (Olsson et al. 1996; Arnqvist 1998 ). Both of these processes require that a female have multiple mates.
Post-copulatory sexual selection promotes a rapid evolutionary diversification of sexual signals. In fact, phenotypic differences in males and females often resulted in sexually antagonistic coevolution (Rice 2000) . Sexual conflicts over mating lead to an antagonistic coevolution, in which one sex develops a beneficial trait that is compensated by an opposite trait in the other sex. Models of coevolution by sexual selection can broadly be classified into those where the female preference is favoured indirectly and those where it is favoured directly (Chapman et al. 2003) . Over the course of the evolutionary history of some groups, it could be argued that, when the males had intromission organs, the females began to be subjected to more coercion. So, the development of sexual conflict would have allowed females to dissociate the orgasmic signal associated with ovulation, thus promoting the possibility of post-copulatory sexual choice.
Ovarian fluids influence sperm behaviour and play an important role in sperm selection by females (Alonzo et al. 2016) . In many species, ovarian fluids released with eggs provide gamete-recognition proteins (Vacquier 1998; Swanson and Vacquier 2002) . Recent evidences show that fluids and proteins can bias fertilization in favour of preferred males in species with external fertilization (Urbach et al. 2005; Rosengrave et al. 2008; Gasparini et al. 2010; Alonzo et al. 2016 ) so that these fluids allow opportunities for cryptic female choice. In mammals, such as in otters, badgers or rodents, the probability of superfoetation makes possible to multiply pairings (Yamaguchi et al. 2006; Annavi et al. 2014) , hence allowing the female to use orgasm as a selective choice of the partner. Furthermore, in all mammalian species, spermatozoa are stopped in the caudal isthmus before ovulation to form an oviductal sperm reservoir. The fact that ovarian fluids can influence the sperm velocity of unrelated males (Rosengrave et al. 2008; Gasparini and Pilastro 2011; Fitzpatrick and Evans 2014) supports the thesis that such post-copulatory mechanisms are capable of biasing fertilization by favouring unrelated males. The release of fluids involved in sexual orgasm could, therefore, reduce the cost of mating with relatives (see Fitzpatrick and Evans 2014) . It could be inferred that, in the course of evolution, orgasm evolved to increase sexual activity and favour partner selection, as species increasingly exhibited a lower reproductive rate. Cervical stimulation is vital to successful sperm transport and fertilization (Adler 1969) . The intensity of the sexual orgasm suggests to the partners that this sexual activity, and especially the copulation, probably ended in potential fertilization, providing the protagonists with sufficient diversion that attracts the male's attention to wait for a putative favourable outcome.
Linking orgasm and reproduction, the female orgasm has been assumed to be dependent on factors related to male traits indicating paternal investment (Sherlock et al. 2016 ). Since orgasm is completely optional in many species, including humans, its role in choosing a better mating and avoiding inbreeding has yet to be determined. Nonetheless, in the absence of visible competition between males, it would potentially allow the female to assess the quality of the partner. It is likely that genetic elements indicating the quality of the partner could be sought in the unrelated and in the difference or complementarity of their MHC/HLA system (Bruford and Jordan 1998; Eklund 1998; Penn 2002) . Indeed, ovarian fluids are capable to bias fertilizations for unrelated males in some fishes (Swanson and Vacquier 2002; Gasparini and Pilastro 2011) and in hens Gallus gallus, phenotypic indices help females to discriminate among unrelated males, but post-mating cryptic choice strategies are mainly based on MHC dissimilarity (Gillingham et al. 2009; Løvlie et al. 2013) . In duck, Anas platyrhynchos, female sperm selection acts as a mechanism of inbreeding avoidance (Denk et al. 2005) and Setchell et al. (2011) pointed out that the olfactory profile is related to MHC dissimilarity and pedigree relatedness in mandrill, Mandrillus sphinx, providing a potential mechanism for selective mate choice. Dissimilarities in MHC are also involved in sexual choice in numerous animals, from tunicates to salmonids for instance (Scofield et al. 1982; Skarstein et al. 2005) .
One could, therefore, consider that the expression of a false orgasm in females is used as a diversion, suggesting that copulation is going well. Many male primates exhibit significant sexual coercion (Goetz et al. 2007; Knott et al. 2010) . Although these are common and known strategies in many primates, post-copulatory cryptic choice and confusion of paternity are poorly documented in humans (Knott et al. 2010) . Such diversionary behaviour could be important strategies to reduce sexual coercion. It is even possible that sperm-sensitive receptors may be involved in the oviduct or uterus and that sperm recognition proteins may allow sperm selection (Swanson and Vacquier 2002; Berlin et al. 2008) .
Numerous primate females show their receptivity with phenotypic cues as excessive sexual swellings (Deschner et al. 2004) in contrast with concealed ovulation in humans (Schoroder 1993) or in langurs (Heistermann et al. 2001) . Moderate swellings were also found in some mustelids with multiple mating, such as mink (Neovison vison, Mustela lutreola), martens (Martes foina) (Lodé 1991) , ferret or polecat (Mustela putorius) (Lodé 2001) and in at least one bird species (Prunella collaris) (Nakamura 1998) . In polecat, for instance, the strong congestion of the vulva is associated with the follicular maturation, so that ovulation is generally induced by long copulation, but spontaneous ovulation may also occur. In fact, in primates, excessive swelling is a morphological signal that indicates ovulation in females according to the graduated signal hypothesis (Nunn 1999) . This morphological signal it is also supposed to be used to confuse belief in male paternity (Hrdy 1979; Pagel 1994) . Similarly, a prolonged period of sexual receptivity, like in humans, may have evolved as a female strategy to confuse fatherhood (Heistermann et al. 2001) . Clearly, females can manipulate male behaviour to bias paternity. In humans, women can even simulate and express fake orgasms in order to pretend to be interested in a male partner (Ellsworth and Bailey 2013) .
The question of the function of orgasm opens up many unresolved issues, both about the role of the different fluids involved and about the diversity of sexual behaviour. Prolactin, luteinizing hormone, and oxytocin that accompany the orgasm have originally evolved in the context of viviparity and could participate in mate choice. The transition from internal fertilization to viviparity could hence be the most remarkable step in the evolution of the orgasm. Moreover, significant associations between sexual characters, intromittent organs and lineage-specific diversification rates showed that viviparity as a new reproductive life-history trait has boosted evolutionary diversification (Helmstetter et al. 2016) .
Conclusions
Although the analysis of natural history suggests that orgasm comes from the discharge mechanisms of gametes, its current evolutionary significance in vertebrates would rather derive from post-copulatory selective mechanisms. Orgasm has its origin in the evolution of fertilization patterns, but the orgasmic signal entails a positive experience, which emphasizes the success of the relationship. The orgasm could find its current evolutionary significance in the preference of an unrelated sexual partner, in species using internal fertilization. In any case, orgasm has naturally a behavioural reinforcement effect of reproductive activities.
